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THE ACTION OF GLYCINE ON BACTERIAL SUSPENSIONS*
PHILIP B. COWLES
In the course of some experimental work it was noticed that the
addition of glycine to broth cultures or aqueous suspensions of bacteria
resulted, after some hours, in the apparent lysis of the cells. Closer ex-
amination of the phenomenon revealed that the first visible action was
an immediate increase in the turbidity of the cell suspension, depending
in degree upon the concentration of the glycine. This initial turbidity
increase was followed by a slow and progressive decrease in turbidity,
until, after some hours, the cloudiness of the suspension, provided too
many cells had not been added, had entirely vanished. With heavy
suspensions of cells complete clarification is not obtained.
Although Escherichia coli and Bacillus mesentericus have been used
in mostof the work, all of the species of bacteria examined have proved
susceptible. Curiously, the pneumococcus lyses slowly, as is the rule with
other species, and does not dissolve almost at once as it does in bile.
If the course of the reaction be followed by the examination of
samples removed at intervals and stained, it will be seen that the first
apparentchange is a lossofthe abilityofthe cells to retain the violetdye,
if the species be Gram-positive. This is followed by the appearance of
poorly staining cells and amorphous debris, while the number of normal
cells becomes smaller, until eventually only occasional cells can be
seen. As shown by subculture, however, days may be required for the
suspension to become sterile.
Concentrations of glycine as low as 0.1 M are active with light cell
suspensions, butstronger solutionsof 1 Moreven 3 M aremoreeffective.
Of other amino acids, serine and alanine are almost as potent as is
glycine. In fact, the action of these three seems to be additive, for if
one third of the minimal lytic amount of each be placed in one tube
with cells, lysis ensues. Curiously, beta alanine is markedly less effec-
tive, as are other alpha amino acids.
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The course of the reaction is influenced by the concentration of the
glycine, by the pH, by the temperature, and by the viability of the
cells. At a pH of 5, although the initial turbidity increase occurs, there
is inappreciable lysis after 24 hours. At a pH of 8 the initial increase is
less than at lower pH values, but the succeeding decrease in turbidity is
perhaps greater. A temperature of 40C. brings the process almost to a
standstill, while one of 450 hastens the reaction as compared to the
rate at 370. Cells killed by heating (either at 600 for one hour or
1000 for ten minutes), by formalin, by phenol, or by iodine are but
little susceptible to lysis. In table 1 may be seen the effects of several
of these factors upon the rate and upon the extent of the process. The
per cent decrease in turbidity at the end of 24 hours is calculated from
the original turbidity of the control tubes rather than from those of
the reagent tubes, since, as has been mentioned, glycine causes an initial
turbidity increase. The figures given are the corrected readings made
in a Klett-Summerson colorimeter with a 66 red filter.
TABLE 1
EFFECT OF GLYCINE CONCENTRATION. pH 7. 370
Time inhours 2M 1 M 0.5 M 0.25 M watercontrols
0 180 180 173 147 126 132 135
1 146 144 130 120 131 130 135
2 130 126 117 114 130 128 133
3 112 107 108 110 127 125 130
20 13 17 37 57 114 112 120
-90% -87% -72% -57%
EFFECT OF pH OF 2 M GLYCINE SOLUTION. 370
Timeinhours 5 6 7 8 Controlsasabove
0 175 174 180 158
1 150 145 146 107
2 140 136 130 96
3 142 125 112 66
20 129 25 13 10
-1% -81% -90% -92%
It was at first believed that the dissolution of the bacterial cells
might be due to the action of the cell enzymes, in fact to an autolytic
process. The effects of pH, of temperature, and the need for living cells
are compatible with such an hypothesis. Enzymes, as represented by
trypsin, seem unaffected by the strength of the glycine, for that enzyme
is able rapidly to digest dead cells suspended in saturated glycine solu-
tions. Moreover, the fact that in certain ranges of glycine concentration
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the addition ofnutrientmaterial, acid hydrolysate of casein, for example,
prevents lysis and allowsgrowth, also permits one to adopt an enzymatic
interpretation of the process. It may be argued that the presence of
glycine, which is not a complete foodstuff, in relatively large concentra-
tions blocks certain enzyme processes by interference, with the result
that other cell enzymes revert from synthetic to lytic activities. When
suitable nutrients are available this blocking is prevented and growth,
rather than lysis, follows. Examples of such reversal are given in table 2.
TABLE 2
EFFECT OF CASEIN DIGEST UPON GLYCINE LYSIS OF ESCHERICHIA COLU.
pH 7.6, 370, 24 HOURS.
\ ________ -Glycine concentration
% casein
digest. .5 M .4M .3 M .2M .1 M 0
0 -92 -95 100 -96 -48 -18
.1 -100 -96 -96 -100 +20 +75
.2 -92 -96 -96 -50 +55 +50
.4 -86 -83 -82 -10 +46 +80
.8 -73 -85 -82 0 +25 +50
1.6 -37 +28 +32 +12 +61 +24
3.2 -78 -75 -58 0 +113 +94
Minus sign represents % lysis; a plus sign, % growth.
However, since cyanide, fluoride, iodoacetate, citrate, Cu++,
Hg++ or Ag+ have failed to prevent or stop the reaction except when
present in sufficient concentration to cause death of the cells, the use of
these inhibitors, at least, has failed to lend support to a theory based on
enzyme activity. Perhaps a more acceptable and reasonable explanation
of the process would be to consider it analogous to the "lysis" of
erythrocytes inwhichthepermeability of the cell membrane is so altered
as to permit liberation of the cell contents into the surrounding medium.
That the bacterial cells have to be living, with their membranes in the
natural state, in order that glycine lysis may occur is in accord with such
aview.
Whatever the mechanism of the reaction, the process would seem to
offer very definite advantages to anyone desirous of obtaining bacterial
cell constituents, perhaps including enzymes. The procedure is simple
and presumably gentle. Good results are obtained by suspending the
growth obtained from a six-hour broth shake culture in 3 M glycine
adjusted to apH of 7.5. If a two-liter culture of Escherichia coli be used,
for example, some 10 ml. of packed cells may be secured, and from 10
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to 50 ml. of the glycin solution can be used. After incubation of this
suspension at 370 for eighteen hours or so, a viscous mass is obtained.
This is diluted with sufficient saline to thin it-usually an equal volume
is enough-and subjected to centrifugation at high speed (20,000
r.p.m.), a process which yields a clear supernatant with an amorphous
residue which may amount to 20 per cent of the dry weight of the
original cell mass, or even less. Apparently the more concentrated the
cell suspension, the greater the undissolved residue. From the clear
solution, large amounts of cell substance may be obtained by appro-
priate methods.
Some data, both qualitative and quantitative, on the nature of the
products will be presented in a succeeding note.